Introduction Air travel is the fastest way for transporting goods and human; therefore, the airports are vital parts of transportation industry. Since airports are considered as tourism gates, they have a great influence on tourism sector and sub-domains economic. Sari is a city with many tourist attractions and has been known as the center of tourism in the north of Iran. Unfortunately because of the relatively long distance between Sari International Airport and the city and suburbs besides the lack of the proper access to these areas, tourists and businessmen didn't consider it as beginning or ending point of their travels, so Sari International Airport missed its deserving air traffic. The goal of this research is to find the appropriate public transportation system amongst options to access this airport. This is the first time that the presented method is being used for selecting one public transportation system to access airport. Method This research has been done by using paired comparison for effective parameters of this selection by the decision makers, and determining the weight of parameters by using the Mikhailov method in fuzzy analytical hierarchy process. Conclusion Finally the train system was proposed as the most appropriate public transportation system by using TOPSIS technique.
Introduction
Airports are essential resources for contemporary living. They play a major role in transporting people and goods around the world. Furthermore, airports connect air travelers with other modes of transportation. Therefore, an airport can be seen as a node that is connected to ground travel. Because air and ground systems are interrelated, they affect each other [1] . The goal of this research is to take effective steps in improving the airport's air traffic by considering the tourist attraction potential in Sari International Airport and the difficulties to access this airport for passengers, for either business and nonbusiness travels and also airport's employees and staffs. This made us to have a look at incorporated solutions in important airports around the world and the current scientific methodologies in this area to propose an appropriate public transportation system considering airport's present conditions and take a glance at the future to access this airport. Since public transportation mode choice is a cumbersome and time-consuming process with multiple constraints. This paper presents a simplified methodology for selecting an appropriate public transportation system by using an integrated multiple criteria decision making 1 process.
Literature review
Harvey (1986) investigated the factors that influencing the choice of airport access mode for travelers who living in the San Francisco Bay Area. He separated travelers into two groups of business and non-business travelers, and concluded that access time and access cost are the most important parameters influencing airport access mode choice [2] . Pels et al. (2001) investigated the relationship between non-business and business travelers on the choice of access mode. They found that importance of access time for a business trips is higher than for non-business trips [3] . Chebli et al. (2003) investigated the effects of comfort that supplied by different access modes on mode choice behavior [4] . Hess (2004) developed a model to analyze a passenger's access mode choice to airport. He showed that ticket price was not an important parameter for business travelers [5] . Tam et al. (2006) investigated the choice of access mode to Hong Kong International Airport and found that service performance like comfort is one of the important factor on access mode choice to airport. They also showed the reliability of transportation mode is one of the most important factor on airport access mode choice. Reliability to transportation mode is the difference between the actual time and the expected time of a mode to get to the airport [6] . Jou et al. (2011) by investigating and evaluating present transportation systems in Taiwan International Airport and the influence of the construction of new transportation system (MRT) on the behavior of the passengers in choosing the type of the system, have demonstrated that the time spent inside the vehicle and outside the vehicle is one of the important parameters in selecting the mode of the transportation system for getting to the airport. The total saved time and a calm and friendly environment are another important parameters for choosing a system [7] . Alhussein (2011) interpreted the mode choice to access King Khaled Airport of Saudi Arabia and by studying different types of present transportation systems stated that parameters such as time, access cost, reliability, and comfort are the most important parameters in choosing the transportation modes by the passengers [1] . Tsamboulas et al. (2012) studied the Athens International Airport employees travels to and back this airport through stated and revealed performance data and by interpreting the present conditions, demonstrated that time and cost of the travel and the salary of the employees are the main parameters in choosing the travel mode, and also demonstrated that metro and train with reasonable ticket price and travel time can attract a big share of the employees travels [8] . Meyer et al. (1984) in addition to considering economical parameters such as construction costs, operation costs, maintenance costs and travel costs of different public transportation modes, has also investigated these systems from viewpoints of services, travel time, capacity, and performance characteristics [9] . Zhi-Ping Fan et al.
(2001) have investigated the multi criteria decision by information and data, and prioritized the options. One new view for solving the MADM problem where the decision maker states his/her priorities fuzzily has been proposed. For reflecting the decision maker's prioritizing data, one optimization model is being created to estimate the weight of criteria and then select the most appropriate option [10] . Gumus (2009) by considering this fact that hazardous waste may threaten the health of humans and the environment, and its safe transport is important, mentioned that choosing the right transportation company would be one of the important problems of hazardous waste generators. This researcher based on the two step method for evaluating and choosing the transportation companies of hazardous waste, did his research by using Fuzzy-AHP and TOPSIS methods [11] . Bashiri et al. (2011) based on the fact that managers in constructing parameterizes are facing numerous problems such as choosing the technology of the construction of the company, choosing the strategy of maintenance of the parameter, relocation of machines, investigation of the quality of performance, choosing the seller and etc., stated that the multi criteria decision making is one of the tools for decision making and can help the managers in making accurate decisions [12] . Shelton et al. (2009) showed Transportation projects prioritization is a cumbersome and time consuming process. They investigated a simplified methodology for ranking transportation projects by using an integrated multiple criteria decision making process for prioritizing transportation projects when there are groups of decision makers with multiple opinions and biases [13] .
Regarding the investigations on different articles, the main and principle parameters in choosing the proper transportation system can be represented by nine criteria as in Fig. 1 .
Research method
This research was carried out by creating a questionnaire, paired comparison of the criteria by using the process of fuzzy hierarchical process by 3 groups of decision makers involving transportation experts, airport operators and employees beside passengers inhabited in city of Sari that have used this airport as a point of their travel at least 5 times, and the effective criteria are weighted by Mikhailov method in choosing the appropriate public transportation system to access the airport after paired comparison in fuzzy environment. Those questionnaires that are not within the compatibility value are omitted from the decision making process. At the end, prioritized options and the suitable option are determined and are proposed by using TOPSIS method by experts. TOPSIS is one of the multiple criteria decision making methods that popular between decision makers because of its simplicity and accuracy. TOPSIS ranks alternatives according to an algorithmic procedure. Alternatives are sorted in decreasing order of Closeness Coefficient which is calculated with respect to distance of a given alternative from both positive and negative ideal solution concurrently [14] . But TOPSIS has been criticized by its disadvantages, such as: (1) the Euclidean distance algorithm is used in principle which doesn't consider the correlation of attributes; (2) the method fixes weight coefficients using expert investigation method which has subjectivity; (3) It is more difficult to determine weight and keep the consistency of judgment matrix, especially when it is used with more attributes. For this reason we have used MATLAB software that made the calculation of TOPSIS method so easy. The decision making process is shown in Fig. 2 .
Model
Regarding the geographical location of Sari International Airport which connected to Sari-Neka highway on the south and Goharbaran tourist road and tourist areas of Dashtenaz on the north, and also located along the Tehran-Shomal railroad, can bring it as a strategic airport in Iran. Unfortunately Sari International Airport not only doesn't handle adequate number of air traffic, also caused lots of problems for airport employees that have to travel to this airport daily, because of By considering this airport conditions and present infrastructures, these modes have been proposed for Sari airport by this research: train, bus with 25 passenger capacity and van shuttle with 5 seats and a space for passengers' luggage. Since the distance between Sari International Airport and main railroad is about 1.5 km, and with a look to todays and the future conditions of this airport, which is located in a strategic tourism, business, and military area, it is possible to consider the construction of a train station in order, accessibility to this airport and transportation of goods become easier and more probable.
Sari International Airport in 2004 to 2010 by considering the growth of global tourism, had improvement in air traffic but still is far away the deserving air traffic and number of passengers handling for Sari. The statistics of passengers and flights of Sari International Airport is presented in Figs. 3 and 4 .
Inquiries in Sari International Airport show that 78 % of the passengers would like to use a public transportation system to access the airport. As Sari International Airport doesn't have any public transportation system to access it, this research is done based on the hypothesis that such public transportation service is going to be built. The volume ratio of passengers shown in Fig. 5 , has been determined by 250 inquiries in the airport, from the passengers, and data of airport employees which are presented in Fig. 6 , achieved by the data which were provided to us by the airport authority. As can be seen, the majority of the passengers are Sari inhabitants. 
Creating the hierarchy of criteria and alternatives
The problem and the goal of decision making is being created in a hierarchical process by the decision parameters which related to each other. The decision parameters involve decision making criteria and decision options that showed on Fig. 7 . The criteria and decision options have been selected by researchers and present conditions of Sari International Airport with regard to previous studies.
Preparing the questionnaires and performing paired comparison
By considering the criteria, a questionnaire for performing paired judgment between the criteria was designed. Then the comparison between criteria was performed based on the importance of the each criteria by performing paired comparison. The decision makers actually have to complete the matrices that show relative preference of criteria against each other. But for the ease of this work, they only filled the questionnaire by determining the relative importance between criteria, so the criteria was compared two by two verbally. A sample of completed questionnaire could be seen in Table 1 . Also, the degree of relative importance as shown in Table 2 is chosen based on the fuzzy numbers presented in Fig. 8 . Then by assigning its numerical equivalent in fuzzy set, the relative preference matrix of criteria was formed. In Table 3 a Table 4 too.
Calculation the weight of criteria
According to Mikhailov model, the upper and lower limit of the fuzzy numbers is calculated in paired comparison between criteria, and with regard to the present deviation, the weight of each parameter or criterion would be achieved. For every compatible questionnaire, we would have one weight for each of the criteria. Every questionnaire underwent this process and then the arithmetic average of resulted weights in each of the three groups of decision maker was calculated and then the arithmetic average of all three groups in the form of weight vector W T was calculated. The comparison of the resulted weights is presented in Fig. 9 . It is noticeable that the safety is the most important parameter from the view of transportation experts, airport specialists and authorities, passengers and employees, and the least important parameter is the construction and operating costs.
Calculation of the compatibility of questionnaires
All the calculations related to hierarchical analysis process based on judgment of decision makers who was stated in a paired matrix template. Any type of error and incompatibility in comparisons and determining the importance of criteria effects the final results. The compatibility value, is a tool which determines the compatibility and shows how much the resulted weights are reliable. Mikhailov stated that it is possible to use λ as a proper criteria for measuring the compatibility of comparisons and a λ approximately more than 1, shows the compatibility value of comparisons [15] .
The compatibility value for the completed sample questionnaire for 0 < α < 1 in Mikhailov's model, is presented in Table 5 .
Since for values of α > 0.4, the compatibility ratio was more than 1 (λ > 1), then the average value of α=2 for 0 < α < 0.4, is a suitable factor for calculating the upper and lower bounds in Mikhailov model for calculating weight of criteria. From the 61 questionnaires, 14 of them were considered incompatible, which means for all value of α, the value of λ was less than 1, which were removed from the prioritizing process.
Final prioritizing of the systems based on TOPSIS method
Based on the filled questionnaires and paired fuzzy comparison of criteria, and after receiving the weights of the criteria, we can prioritize the transportation system according to the effect of each parameter or criteria in any type of transportation modes. The questionnaire II, was filled only by the Time headway Fig. 9 The resulted weights from questionnaires experts in transportation. They choose a number between 1 and 100 according to the effect of the each criteria on each transportation modes. A sample of filled questionnaire is presented in Table 6 .
The arithmetic average of experts' views was calculated, a matrix was resulted from their views which shows the decision making matrix (DM). Then by using TOPSIS method and with the present matrix and the weight vector of criteria, prioritizing was performed. It must be considered that the criteria of travel cost, travel time, construction costs, operation costs, and time headway are negative parameters which were incorporated in TOPSIS model. 
Performing TOPSIS method
Step I: By using n ij ¼ Step III: Determining the positive ideal result and negative ideal result. Step VI: Prioritizing the Alternatives Each option that has a bigger CL, would be selected. As it's presented in Table 8 , train transportation system with the highest relative closeness is the most suitable option. The next priority is bus and after that shuttle van is the best suitable alternative.
Conclusion
This article has been carried out to present a simple model for choosing a transportation system to access Sari International Airport. First the problem was identified, then effective criteria in the problem were determined and a questionnaire was produced to determine the weight of parameters in fuzzy environment. Then paired comparison was done by three groups of decision maker consist of transportation experts, airport specialists and authorities besides employees and Sari inhabitants that used this airport more than five times. The weight of parameters were calculated by Mikhailov's method. According to the results, the weights of effective parameters in choosing the appropriate transportation mode to access Sari International Airport can be presented in Table 9 .
At the end, by the weights of criteria and also inquiries that was made from transportation experts for determining the influence of each criteria on each transportation systems, the transportation modes were prioritized in TOPSIS method. Among suggested alternatives, train system was chosen by using TOPSIS method as the best and most suitable alternative. Open Access This article is distributed under the terms of the Creative Commons Attribution License which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the source are credited.
